Abstract Water supply for all kind of uses in Chihuahua is mainly groundwater. During the last decade this city has been damaged with a heavy hydrologic crisis because of a persistent drought. This came up with the overexploitation of groundwater aquifers; therefore a deficit between demand and offer was done. To minimize this problem the government authorities have started an integral plan of optimizing hydrologic resources which considers the treatment of wastewater and the use of reclaimed water. The secondary wastewater treatment facility of the city treats about 30,000 m 3 /d of a wastewater with high organic contents, and produces an effluent with low concentration of suspended solids, organic matter, fats, detergents, and metals. Reclaimed water is conveyed toward strategic sites for the irrigation of great green areas in sport clubs, educational institutions and industrial zones, besides of its utilization on some manufacturing processes, road service, and also over construction industry. The potential reuse of this water goes farther from those activities; the treatment of the secondary effluent until the required levels of the water-bearing recharge criteria are met for drinking water supply is considered as the next step to achieve through a suitable planning strategy for the best integral resource advantage.
Introduction
Chihuahua is the capital city of the state with the same name in the North of Mexico. It is located between 28°and 29°North latitude and 105°and 106°West longitude. This means the same location of the largest desert regions in the world.
The word "Chihuahua" has several assumptions related to its origin. One assumption came from the ancient nahuatl and tarahuamara cultures. One of the meanings is "the land between two waters"; this brought up with the foundation of this city, where two rivers ran trough: the Chuviscar and Sacramento, in 1709. In spite of its origin and name, the lack of availability of water in this city has been a problem since the times of Colony due to its climatic conditions and geographic location. Hydrology, vegetation, fauna, and even its ethnic features are similar to those of the most arid regions upon the world. This city is a typical sample of the phenomena of economical and urban concentration, therefore its population demands a higher public services, including drinking water.
The climate in this city is arid with its higher percentage of pluvial precipitation during summer and lower during winter. Its annual-media temperature is between 18°C and 22°C with higher up and down variations of 14°C, so it is considered an extreme weather. The annual-media pluvial precipitation goes up to 417 mm against the national media of 772 mm (Figure 1 ). Its annual-media evaporation rate is 2,900 mm. Like other cities in the world with difficult topographic, climatic and geographic features, the city of Chihuahua has always represented a challenge of drinking water supply. In this city, its growth has been related with the tireless search for drinking water resources in order to satisfy its demand, which has been increased since the 1970s, due to the accelerated development of the industrial sector.
Nowadays the city is fed from three aquifers; one is located into the urban zone and the others are located far away from the city. All of them have established as hindrance zones due to the lack of restraint about the advantages concerned over groundwater requested by the fast-growing population and industrial sector; the two latter by addressing them to the opening of agricultural lands.
The water supply of the city is covered with more than 100 deep wells (300 meters) and most of them have presented lowering down problems related to overexploitation because of the demanding increment . Moreover, both the city and the region have been living through large drought periods and as a result the recharging of water has been nullified.
Groundwater exploitation has permitted the provision of drinking water service, covering the 95% of the city population with about 110 million of cubic meters per year. However, during low watering stages as well as during high temperatures periods, dowering has not been sufficient, meanwhile the service has had to be limited upon population just by some hours daily, because the real demand is 129 million of cubic meter per year.
In spite of what is stated by the National Water Commission official reports, that from the Chihuahua-Sacramento aquifer is extracted twice more than it is recharged, damaging its storage, and related to the other aquifers (Tabalaopa-Aldama and El Sauz-Encinillas) where it is extracted about 10 to 15% over the recharging volume (CNA, 2002) . Regarding upon the impossibility to solve the shortage deficit between offer and demand, it is intended to continue seeking over new resources in order to cover dowering.
Strategies to solve water shortage problem
Some strategies have been implemented in order to lighten water shortage, which tend to optimize the existing hydraulic resources through the development of educative programs and also some technical projects with the purpose of lowering individual (per capita) consumption and avoiding leakages, as well as irresponsible distribution and handling. Taking another point of view, by considering the importance of the resource advantage wastewater represents, the alternative of treating it is taken in order to utilize it upon activities where drinking quality is not required, thus achieving a great water saving on that point.
Wastewater collection and treatment
Wastewater, which is brought from several domestic, commercial and industrial usages is transported throughout a piped net covering 900 km connected to a main gathering which addresses them over two specific points in order for them to be treated: "Planta Norte" (North Plant, actually running) and "Planta Sur" (South Plant, immediate project) (See Figure 2) . 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 Pluvial Precipitation, mm Chihuahua annual-media precipitation National annualmedia precipitation Figure 1 Historic behavior of Chihuahua City's annual precipitation (JCAS, 2003) The coming out of wastewater from the sewage system is basically domestic type and it mainly came from housing, including hotels, restaurants, shopping centers, and miller's tool, that do not utilize water in their processes. The ones which only came from the industries are requested to follow an internal discharge sewage program control.
The gathered wastewater into the sewage system during 2002 was about 2,400 LPS, with different quality depending on the zone. The treatment plain in order to recover and reuse this wastewater has considered since its beginning into the construction of two large facilities named "Norte" and "Sur", according to their location; only the first one is working. In this facility, which started to operate in 1995, about 32,650 cubic meter per day were treated during 2002. This facility runs with a conventional system of activated sludge and it was designed with a double purpose: to avoiding pollutants within the receptor bodies that go through out the city (Chuviscar and Sacramento rivers) and take advantage from the treated effluents during activities where drinking water is not required, in order to use it mainly for human consumption.
The process consists of the typical elements related to sieving, sand clearing, grease elimination, primary clarification, aeration and secondary sedimentation with sludge recycling to biological reactor, and, finally, water disinfection. Residual sludge is yielded to thickening, anaerobic digestion, and dehydration with filter press before its final disposition. According to the existing norms for the biosolid advantages (NOM-004, 2002) this sludge is classified into excellent quality.
Bearing the qualitative features from the influent in mind, and taking a view over Table  1 , it is noted during the observable period high concentration upon organic matter in terms of BOD and COD, as well as ammonia nitrogen, was presented. The metal content, which is not in the table, was lower in all the cases. For this period the performance in the plant showed superior efficiencies up to 90% related to the removal of COD, BOD, suspended solids and detergents, according with the effluent features, which are shown in the table, too.
Reuse of reclaimed water
The qualitative characteristics from effluent regarded to Planta Norte are in comparison with the Mexican Official Norm (NOM-003, 1998 ) that establishes the required quality limits for the use of treated water in services for the public, which are involved with direct contact (recreative artificial lakes, adornment fountains, washing cars and green areas watering). Such limits are related to 20 mg/L concerned to BOD and TSS concentrations, as well as 15 mg/L related to oil and grease. All content of Helminth eggs is limited to <1 egg/L, and over the case concerned to Faecal Coliform bacteria it is tolerated to 1,000 MPN/100 mL when the service implies indirect or occasional contact and only 240 MPN/100 mL when there is direct contact. Regarding to the metal concentration limits, those are over the content when wastewater is not treated.
In order to fulfill with basis all the quality requirements with the purpose of reusing it, one part of the effluent of Planta Norte is addressed toward the reclaimed water program. With the purpose of fulfilling this, the system has three pumping stations facilities with 92 km of running pipes for its distribution toward different city points for watering public parks, gardens, boulevards, road service, public and private educative institutions, sports and recreational centers, golf and equestrian fields, manufacturing and construction industries, and nursing and bed planting (Figure 3 ). Besides the existing facilities, an enlargement of running distribution pipes with 80 additional kilometers is planned, in order to supply service over most of the Northern part of the city. This enlargement could be developed within a short period of time through the construction and running concerned upon Planta Sur which would operate with a treatment capacity of 216,000 cubic meter per day. The reused water volume reclaimed during 2002 is shown in Figure 4 .
A program of quality control is conducted to achieve a reliable quality in order to prevent the possibility of human health risks. It consists on monitoring and analyzing of samples from the wastewater facility, pumping stations and storage tanks for faecal coliforms, free residual chlorine and basic physical and chemical parameters. As an additional security measurement a colored code has been included to verify both the drinking and the reclaimed water tanks.
Future projection: tertiary treatment and recharging aquifers
The potential reuse of this water goes farther from the above mentioned activities, because of a recent investigation already developed on the secondary effluent of Planta Norte, it has demonstrated the feasibility of removing the high nitrogen content of the original water until the required levels of the water-bearing recharge criteria are reached for dinking water supply. This is contemplated as the next step to achieve through a suitable planning strategy for the best integral resource advantage.
Conclusions
The water sustaining use within the State of Chihuahua, Mexico, constitutes a challenge due to its climatic and hydraulic features which are responsible of water shortage in most part of the state. The recovery and taken advantages of the actual wastewater in order to save drinking water is just a planned alternative already proved in the city of Chihuahua with the purpose of lowering the problem of shortage. It is necessary to emphasize the quality conditions to protect the environment and lighten the possible health risks of water recovery and reuse programs.
